5.4 Dictionaries

All of the compound data types we have studied in detail so far — strings, lists, and tuples — are sequence types,
which use integers as indices to access the values they contain within them.

Dictionaries are yet another kind of compound type. They are Python’s built-in mapping type. They map Kkeys,
which can be any immutable type, to values, which can be any type (heterogeneous), just like the elements of a list or
tuple. In other languages. they are called associative arrays since they associate a key with a value.

As an example, we will create a dictionary to translate English words into Spanish. For this dictionary, the keys are
strings.

One way to create a dictionary is to start with the empty dictionary and add key:value pairs. The empty dictionary is
denoted { }:

#»>» english_spanish = {}
*>>>» english spanish["one"] = "unao®
>>> english_spanish["two"] = "das”

The first assignment creates a dictionary named english_spanish; the other assignments add new key:value pairs
to the dictionary. We can print the current value of the dictionary in the usual way:

>>> print {english_spanish)

{"two": "dos", "one": "uno"}

The key:value pairs of the dictionary are separated by commas. Each pair contains a key and a value separated by a
colon.

Hashing

The order of the pairs may not be what was expected. Python uses complex algorithms, designed for very fast access,
to determine where the key:value pairs are stored in a dictionary. For our purposes we can think of this ordering as
unpredictable.

You also might wonder why we use dictionaries at all when the same concept of mapping a key to a value could be
implemented using a list of wples:

> ["apples™: 430, "bBananas": 312; "oranges™: H25; "peara": 217}
pears': , apples': 430, oranges'": 5Z5, ananas': 2

(B LR ) 'apples' 4 Torang ! 2 'b ' 312}

=»> [('apples', 430), {('bananas'; 312}, ('oranges', 525), ('pears', 2177]

[{"apples', 430}, ('bananas', 312), ('oranges', 525}, 'pears', 217)]
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>»> print {english_spanish["twa"])
"dos!'

The key "two" yields the value "dos".

Lists, tuples, and strings have been called sequences, because their items occur in order. The dictionary is the first

compound type that we’ve seen that is not a sequence, so we can’t index or slice a dictionary.

5.4.1 Dictionary operations

The del statement removes a key:value pair from a dictionary. For example, the following dictionary contains the

names of various fruits and the number of each fruit in stock:

>»> inventory = ["apples™: 430, "bananas": 312, "“oranges": 525, "pears
*>»> print {inventory}
{'pears'": 217, Tapples': 430, 'oranges': 525, 'hananas': 312}

ny 2174

If someone buys all of the bananas, we can remove the entry from the dictionary:

»>> del inventory["bananas"]
>>> print {inventory)
{'apples': 430, Toranges': 525, 'pears': 217}

If we then try to see how many bananas we have, we get an error (because, yes. we have no bananas).

Or if we're expecting more bananas soon, we might just change the value associated with bananas:

(Try this!)

>»>> inventory["bananas"] = 0
>>»> print {inventory)
{'pears': 217, Tapples': 430, 'oranges': 525, 'bananas': 0}

A new shipment of bananas arriving could be handled like this:

*>»> inventory["bananas"] += 200
>»>> print {inventory)
{'pears': 0, "apples': 430; 'oranges':

Ln
a
Ln

; "bananas': 512}

The len function also works on dictionaries; it returns the number of key:value pairs:

>>> len({inventory)
41
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5.4.2 Dictionary methods

Dictionaries have a number of useful built-in methods.

The keys method returns what Python 3 calls a view of its underlying keys. A view object has some similarities to
the range object we saw earlier — it is a lazy promise, to deliver its elements when they’re needed by the rest of the
program. We can iterate over the view, or turn the view into a list like this:

=¥, fthe k's 15 not

english_spanishl[key])

L W B
e 1ned

1 | for key in english_spanish.keys(): # The
2 print ("Got key", key, "which maps

14 |keys = list(english _spanish.keys())
s |print {keys)

This produces this output:

Got key three which maps to value tres
Got key two which maps to wvalues dos
Got key one which maps to walue uno

["thres', 'two', Tone']

It is so common to iterate over the keys in a dictionary that we can omit the keys method call in the £or loop —
iterating over a dictionary implicitly iterates over its keys:

I | for key in english_spanish:
print {("Got key", key}

The values method is similar; it returns a view object which can be turned into a list:

»»>» list {english_spanish.values/())
['tres', 'dos', "unoc']

The items method also returns a view, which promuses a list of tuples — one tuple for each key:value pair:

>>> list {english spanish.items ()}
[('three', 'tres'), ('two', 'dos'), {('one', Tuno'}]

Tuples are often useful for getting both the key and the value at the same time while we are looping:

i for (key,value) in english_spanish.items|():
maps to",.value)

2 print {"Got",key, "that

This produces:

Got three that maps to tres
Got two that maps to dos
Got one that maps to uno
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The in and not in operators can testif a Key is in the dictionary:

>>> "one" in english_spanish

Truse

>»> "six" in english_ spanish

False

»»> "tres" in english_spanish # Note that 'in' tests keys, not valuoes
Falsze

This method can be very useful, since looking up a non-existent key in a dictionary causes a runtime error:

>>> english_spanish["dog"]

Traceback (most recent call last):

KeyError: 'dog'

5.4.3 Aliasing and copying

As in the case of lists, because dictionaries are mutable, we need to be aware of aliasing. Whenever two variables refer
to the same object, changes to one affect the other.

If we want to modify a dictionary and keep a copy of the original, use the copy method. For example, opposites
is a dictionary that contains pairs of opposites:

*>> opposites = {"up": "down", "right™: "wrong", "yes": "na"}
>»>>» alias = opposites
>>> copy = apposites.copy () # Shallow copy

alias and cpposites refer to the same object; copy refers to a fresh copy of the same dictionary. If we modify
alias, cpposites is also changed

>>> aliag["right"] = "left"
>>> opposites["right"]
I'ef._!

If we modify copy, opposites is unchanged:

>>> copy["right"] = "privilege"
>>> opposites["right"]
'left'
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6.1 Numpy

The standard Python data types are not very suited for mathematical operations. For example, suppose we have the

lista = [2, 3, 8].1f we multiply this list by an integer, we get:
>>> a = [2, 3, B]
»> 2 % a
[z, 3, 8 2, 3, 8]

And £1loat’s are not even allowed:

*>>> a = [2; 3, B8]
>>> F o* a
>3 2.1 % 8

TypeError: can't multiply sequence by non-int of type "float'

In order to solve this using Python lists, we would have to do something like:

values = [2, 3, B]

result = []

for x in values:
result.append(2.1 *+ x)

This is not very elegant, is it? This is because Python 11ist’s are not designed as mathematical objects. Rather, they
are purely a collection of items. In order to get a type of list which behaves like a mathematical array or matrix, we
use Numpy.

>»> import numpy as np

>»>> a = np.array([2, 3, B8]}
>>>» 2.1 +« a

array([ 4.2, 6.3, 16.8])

As we can see, this worked the way we expected it to. We note a couple of things: - We abbreviated numpy to np, this
is conventional. - np.array takes a Python list as argument. - The list [2, 3, 8] contains int’s, yet the result
contains £ 1loat’s. This means numpy changed the data type automatically for us.

Now let’s take it a step further and see what happens when we multiply together array’s.

>>> impeort numpy as np

*>»> a = np.arrav([2, 3, 8]}
>>> a4 * A

array([ 4, 2, &4d])

x> s’

array ([ 4, %, B4])
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This has nicely squared the array element-wise.

Note: Those in the know might be a bit surprised by this. After all, if a is a vector, shouldn't a++2
be the dot product of the two vectors, @ - @? Well, numpy arrays are not vectors in the algebraic sense.
Arithmetic operations between arrays are performed element-wise, not on the arrays as a whole.

To tell numpy we want the dot product we simply use the np . dot function:

»»>» a = np.array([2, 2, Bl)
»>»> np.dot (a,a)

=
[&F

Furthermore, if you pass 2D arrays to np.det it will behave like matrix multiplication. Several other
similar NumPy algebraic functions are available (like np.cross, np.cuter, etc.)

Bottom line: when you want to treat numpy array operations as vector or matrix operations, make use of
the specialized functions to this end.

6.1 Shape

One of the most important properties an array is its shape. We have already seen | dimensional (1D) arrays, but arrays
can have any dimensions you like. Images for example, consist of a 2D array of pixels. But in color images every
pixel is an RGB tuple: the intensity in red, green and blue. Every pixel itself is therefore an array as well. This makes
a color image 3D overall.

To get the shape of an array, we use shape:

>>> import numpy as np

»>>> a = np.arrayi([2, 3, 8])
»>> a.shape
(3;:)

Something slightly more interesting:

>»>> b = np.array(|[
(2, 3, 81,
5

[4, 5, &1,
1)

>>> b, shape
(2, 3)

6.2 Slicing

Just like with lists, we might want to select certain values from an array. For 1D arrays it works just like for normal
python lists:
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*»>> a = np.array([2; 3, Bl}

x> alZ]
o

>>> a[l:]
np.array{[32, 81)

However, when dealing with higher dimensional arrays something else happens:

*>>> b = np.array (]|

[z, 3, 8],
(4, 5, 6],
1

>»> b[l]

array([4, 5, 6&])
>>> b[1][2]

al

We see that using b [1] returns the 1th row along the first dimenion, which is still an array. After that, we can select

individual items from that. This can be abbreviated to:

>>»> b[l, 2]

-

0

But what if [ wanted the 1th column instead of the first row? Then we use : to select all items along the first dimension,

and then a 1:

>>> bz, 1]

array{[3, 5]}

By comparing with the definition of b, we see that this is the column we were looking for.

Note: Instead of first, I write 1th on purpose to signify the existence of a Oth element. Remember that in

Python, as in any self-respecting programming language, we start counting at zero.

Find out more about advanced slicing at the Numpy mdexing documentation page.
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6.3 Masking

This is perhaps the single most powertful feature of Numpy. Suppose we have an array, and we want to throw away all
values above a certain cutoff:

>»>>» a = np.array([230, 10, 284, 39, 7&]1)
>>> cutoff = 200
*>»>> a » cutoff

np.array{[True, False, True, False, False])

Simply using the larger than operator lets us know in which cases the test was positive. Now we set all the values
above 200 to zero:

>»»> a = np.array([230, 10, 284, 39, 7611}
>>»>>» cutoff = 200

>»> ala > cutoff] = 04

> &

np.array{[0, 10, 0, 39, 761)

The crucial line is a[a > cutoff] = 0. This selects all the points in the array where the test was positive and
assigns 0 to that position. Without knowing this trick we would have had to loop over the array:

»>»» a = np.array([230, 10, 284, 39, 7&])
>»> cutoff = 200

>»> new_a = []

»»> for x in a:

> if x > cutoff:

> new_a.append (0)

> else:

3% new_a.append (x)

>>> a = np.array(new_a)

Looks rather silly now, doesn’t it? When working with images this becomes even more obvious, because there we
might have to loop over three dimensions before we can use the iffelse. Can you imagine the mess?

6.4 Broadcasting

Another powerful feature of Numpy is broadcasting. Broadcasting takes place when you perform operations between
arrays of different shapes. For instance

>>» a = np.array([
, l]!

, 3]’

51,

-

= s b3 O

>>> b = np.array([10, 100])

*»»> a « b

array{[[ 0O,
[ 20,
[ 40,

i L =
-
-

s R s |

o o o

(RN
—

The shapes of a and b don’t match. In order to proceed. Numpy will stretch b into a second dimension, as if it were
stacked three times upon itself. The operation then takes place element-wise.
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One of the rules of broadcasting is that only dimensions of size | can be stretched (if an array only has one dimension,
all other dimensions are considered for broadcasting purposes to have size 1). In the example above b is 1D, and has
shape (2,). For broadcasting with a, which has two dimensions, Numpy adds another dimension of size 1 to b. b now
has shape (1, 2). This new dimension can now be stretched three times so that &'s shape matches a’s shape of (3, 2).

The other rule is that dimensions are compared from the last to the first. Any dimensions that do not match must be
stretched to become equally sized. However, according to the previous rule, only dimensions of size | can stretch.
This means that some shapes cannot broadecast and Numpy will give you an error:

»>»>> ¢ = np.arravy ([
» L, 21,
. 4, 5],

= 2

»>> b = np.array([10, 100])
> & o« b

ValueError: operands could not be broadecast together with shapes (2,3) (2,)

What happens here is that Numpy, again, adds a dimension to b, making it of shape (1, 2). The sizes of the last
dimensions of b and ¢ (2 and 3, respectively) are then compared and found to differ. Since none of these dimensions
is of size | (therefore, unstretchable) Numpy gives up and produces an error.

The solution to multiplying ¢ and b above 1s to specifically tell Numpy that it must add that extra dimension as the
second dimension of b. This 1s done by using None to index that second dimension. The shape of b then becomes (2,
1), which is compatible for broadcasting with c:

>>> ¢ = np.array(]
[0, 1. 2],
[3, 4, 5],
1)
>>»> b = np.array([10, 100])
>»> ¢ + b[:, None]
array ([[ 0, 10, 201,
[300, 00, 50011}

A good visual description of these rules, together with some advanced broadcasting applications can be found in this
tutorial of Numpy broadcasting rules.
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6.5 dtype

A commonly used term in working with numpy is dtype - short for data type. This is typically int or float, followed
by some number, e.g. int8. This means the value is integer with a size of 8 bits. As an example, let’s discuss the
properties of an int 8.

Each bit is either () or 1. With 8 of them, we have 2% = 256 possible values. Since we also have to count zero itself, the
largest possible value is 255, The data type we have now described is called uint 8, where the u stands for unsigned:
only positive values are allowed. If we want to allow negative numbers we use int 8. The range then shifts to -128 to
+127.

The same holds for bigger numbers. An inté&4 for example is a 64 bit unsigned integer with a range of -
9223372036854775808 1o 9223372036854775807. It is also the standard type on a 64 bits machine. You might
think bigger is better. You'd be wrong. If you know the elements of your array are never going to be bigger than
100, why waste all the memory space? You might be better off setting your array to uint8 to conserve memory. In
general however, the default setting is fine. Only when you run into memory related problems should you remember
this comment.

What happens when you set numbers bigger than the maximum value of your dtype?

>>> import numpy as np

*>»> a = np.array([200], dtype="uint8')
>>> a + a

array([144], dtype=uinti)

That doesn’t seem right, does it? If you add two uint 8, the result of 200 + 200 cannot be 400, because that doesn’t
fit in a uint@. In standard Python, Python does a lot of magic in the background to make sure the result is the 400
you would expect. But numpy doesn't, and will return 144, Why 144 is left as an exercise. To fix this. you should
make sure that your numbers where not stored as uint 8, but as something larger; uint 16 for example. That way
the resulting 400 will fit.

>>> import numpy as np

*>»> a = np.array([200], dtype="uintl&')
>>> a4 t+ a

array ([400], dtype=uintls)

By now you must be thinking: so bigger is better after all! Just use the biggest possible int all the time, and you'll be
fine! Apart from the fact that there is no biggest int, there is a bigger problem. If you work with images, each pixel
from that image is stored as an RGB tuple: the intensity in red. green and blue. Each of these 1s a uint & value for
most standard formats such as .jpg and .png. For example, (0. 0, () will be black, and (255, 0, 0) is red. This means

that when you load an image from your hard drive this dtype is selected for you, and if you are not aware of this, what
will happen when you add an image to itself? (In other words, place two copies on top of each other) You might expect
that everything will become more dense. Instead, you’ll get noise because of the effect we just talked about.

hotesforvtu.in



7.1 Files

7.1 About files

While a program is running, its data is stored in random access memory (RAM). RAM 1s fast and inexpensive, but
it is also volatile, which means that when the program ends, or the computer shuts down, data in RAM disappears.
To make data available the next time the computer is turned on and the program is started, it has to be written to a
non-volatile storage medium, such a hard drive, usb drive, or CD-RW.

Data on non-volatile storage media is stored in named locations called files. By reading and writing files, programs
can save information between program runs.

Working with files is a lot like working with a notebook. To use a notebook, it has to be opened. When done, it has
to be closed. While the notebook is open, it can either be read from or written to. In either case, the notebook holder
knows where they are. They can read the whole notebook in its natural order or they can skip around.

All of this applies to files as well. To open a file, we specify its name and indicate whether we want to read or write.

7.2 Writing our first file

Let’s begin with a simple program that writes three lines of text into a file:

1 |with open("test.txt", "w") as myfile:
myfile.write("My first file written from Python\n")
myfile. write(" \n")
4 myfile.write("Hello, world!\n"}

Opening a file creates what we call a file handle. In this example, the variable myfile refers to the new handle
object. Our program calls methods on the handle, and this makes changes to the actual file which is usually located on
our disk.

On line 1, the open function takes two arguments. The first is the name of the file, and the second is the mode. Mode
"w™ means that we are opening the file for writing.

With mode "w", if there is no file named test . txt on the disk, it will be created. If there already is one, it will be

replaced by the file we are writing,.

To put data in the file we invoke the write method on the handle, shown in lines 2, 3 and 4 above. In bigger programs,

lines 2—4 will usually be replaced by a loop that writes many more lines into the file.

The file is closed after line 4, at the end of the with block. A with block make sure that the file get close even if an

error occurs (power outages excluded).
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7.3 Reading a file line-at-a-time

Now that the file exists on our disk, we can open it, this time for reading, and read all the lines in the file, one at a time.
This time. the mode argument is "r" for reading:

with open{"test.txt", "r"} as my_new_handle:
b for the line in my_new_ handle:
3 # Do something with the line we just read,

4 ¥ Here we st print 1It.

i print{tha line, end="")

This is a handy pattern for our toolbox. In bigger programs, we’d squeeze more extensive logic into the body of the
loop at line 5 — for example, if each line of the file contained the name and email address of one of our friends,
perhaps we’d split the line into some pieces and call a function to send the friend a party invitation.

On line 5 we suppress the newline character that print usually appends to our strings with end="". Why? This is
because the string already has its own newline: the for statement in line 2 reads everything up to and including the
newline character.

If we try to open a file that doesn’t exist. we get an error:

n "oe.m :I

»»> mynewhandle = open("wharrah.txt", r
FileNotFoundError: [Errno 2] No such file or directory: "wharrah.txt"

7.4 Turning a file into a list of lines

It is often useful to fetch data from a disk file and turn it into a list of lines. Suppose we have a file containing our
friends and their email addresses, one per line in the file. But we’d like the lines sorted into alphabetical order. A good
plan is to read everything into a list of lines, then sort the list, and then write the sorted list back to another file:

with open{"friends.txt", "r") asg input_ file:

3 gll_lines = input_file.readlines|()

3
(continues on next page)
{continued from previous page)

s |all_lines.sort ()

5

& |with open("sortedfriends.txt", "w") ag output file:

7 for line in all_lines:

i outut file.write(line)

The readlines method in line 2 reads all the lines and returns a list of the strings.

We could have used the template from the previous section to read each line one-at-a-time. and to build up the list
ourselves, but it is a lot easier to use the method that the Python implementors gave us!
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7.5 Reading the whole file at once

Another way of working with text files is to read the complete contents of the file into a string. and then to use our
string-processing skills to work with the contents.

We’'d normally use this method of processing files if we were not interested in the line structure of the file. For
example, we've seen the split method on strings which can break a string into words. So here is how we might
count the number of words in a file:

t |with aopen("somefile.txt") ag f:

2 content = f.read(}

1 |words = content.split (}

4 |print{"There are words in the file." . format (len(words)))

Notice here that we left out the " =" mode in line 1. By default, if we don’t supply the mode, Python opens the file for
reading.

Your file paths may need to be explicitly named.

In the above example, we're assuming that the file somefile. txt is in the same directory as your Python source
code. If this is not the case, you may need to provide a full or a relative path to the file. On Windows, a full path
could look like "C: Y\ \temph\\scomefile.txt", while on a Unix system the full path could be " /home/ Jimmy /
scmefile.txt™

We'll return to this later in this chapter.

7.6 An example

Many useful line-processing programs will read a text file line-at-a-time and do some minor processing as they write
the lines to an output file. They might number the lines in the output file, or insert extra blank lines after every 60
lines to make it convenient for printing on sheets of paper, or extract some specific columns only from each line in the
source file, or only print lines that contain a specific substring. We call this kind of program a filter.

Here is a filter that copies one file to another, omitting any lines that begin with #:

i def filter{oldfile, newfile):

with open{oldfile, "r") as infile, open(newfile, "w") as outfile:
for line in infile:

4 # Put any processing logic here

5 if net line.startswith("f'):

B oputfile.write(line)
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7.7 Directories

Files on non-volatile storage media are organized by a set of rules known as a file system. File systems are made up
of files and directories, which are containers for both files and other directories.

When we create a new file by opening it and writing, the new file goes in the current directory (wherever we were
when we ran the program). Similarly, when we open a file for reading, Python looks for it in the current directory.

If we want to open a file somewhere else, we have to specify the path to the file, which is the name of the directory
(or folder) where the file is located:

*»>> wWordsfile = open("/usr/share/dict/words™, "r")
2> wardlizt = wordsfile.readlines/()
>»> print (wordlist[:6])

["“n', "A\n', "A's\n", "AQL\n', "AOL's\n", TAachen\n"]

This (Unix) example opens a file named words that resides in a directory named dict, which resides in share,
which resides in usr, which resides in the top-level directory of the system, called /. It then reads in each line into a
list using readlines, and prints out the first 5 elements from that list.

A Windows path might be "c: /temp/words.txt" or "c:h\\temph \words.txt". Because backslashes are
used to escape things like newlines and tabs, we need to write two backslashes in a literal string to get one! So the
length of these two strings is the same!

We cannot use / or % as part of a filename; they are reserved as a delimiter between directory and filenames.

When working with files in directories it i1s a good idea to let Python deal with all the slashes and
escaping them. The os.path module does this for different operating systems. Using os.path.
join{"directory", "filename") will automatically return "directory/filename" on Unix/Linux,
and "directoryi\i\filename” on Windows. This can not only be of great help when moving code from one
system to another, or when sharing with colleagues. It also means that you do not have to take care of it yourself, and
it might save you some issues with string handling.

You can also explore the os . path module for other handy features that will help you handling files.

The file /usr/share/dict /words should exist on Unix-based systems, and contains a list of words in alphabet-
ical order.

7.8 What about fetching something from the web?

The Python libraries are pretty messy in places. But here is a very simple example that copies the contents at some
web URL to a local file.

import urllib. request

v |url = "http://xml.resource.org/public/ric/ext/rfaT793 . txt"
4 |destination_filename = "rfc793. txt"

5

s |urllib.request.urlretrieve (url, destination_filename)

The urlretrievse function — just one call — could be used to download any kind of content from the Internet.

We’ll need to get a few things right before this gorks:
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* The resource we're trying to fetch must exist! Check this using a browser.

* We'll need permission to write to the destination filename, and the file will be created in the “current
directory™ - i.e. the same folder that the Python program is saved in.

* If we are behind a proxy server that requires authentication, (as some students are), this may require some
more special handling to work around our proxy. Use a local resource for the purpose of this demonsira-
tion!

* We need to make sure that if we use any data from the web. that we check if the contents are still as we
expect them to be. A website may change, or it may disappear. It can also be taken over by a new owner
who might change the contents completely. So before you use data from the internet, make vour program
check if the data is what you want it to be, before executing any code or showing it to any important users!

Here is a slightly different example using the reguests module. This module is not part of the standard library dis-
tributed with python, however it is easier to use and significantly more potent than the urliih module distributed with
python. Read reguests documentation on hitp://docs.python-requests.org to learn how to install and use the module.
Here, rather than save the web resource to our local disk. we read it directly into a string, and we print that string:

import regquests

url = "http://xml.resource.org/public/rfe/tat/rfc793.txt
response = reguests.get{url)

print (response.text)

Opening the remote URL returns the response from the server. That response contains several types of information,
and the reguests module allows us to access them in various ways. On line 5, we get the downloaded document as a
single string. We could also read it line by line as follows:

import regquests

url = "http://2ml.resource.ory/public/efe/exe/rfeTo3. . exe
response = requests.get (url)
for line in response:

print (line)
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